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PROCLESS MONITOR FOR GYPSUM BOARD
MANUFACTURING

RELATED APPLICATIONS

This application 1s a continuation-in-part of and claims
priority from U.S. patent application Ser. No. 08/768,274,
filed Dec. 18, 1996 now abandoned.

FIELD OF THE INVENTION

The present invention relates generally to processes for
making construction materials, and more particularly to
manufacturing gypsum boards that are used as wall boards
in structures.

BACKGROUND

Gypsum boards are widely used as wall boards 1n struc-
tures. In making gypsum boards, a water-based gypsum
slurry 1s poured from a mixer onto a substrate that 1s being
conveyed under the mixer. The slurry hardens on the sub-
strate and 1s cut into panels, and then excess water 1s
removed from the panels by conveying the panels through a
large industrial dryer.

The present mvention recognizes that it 1s 1important to
properly cure the hardening gypsum as it 1s conveyed to the
dryer, prior to advancing the gypsum panels into the dryer.
Improper curing of the gypsum can result 1n low-grade or
indeed unacceptable gypsum boards. As further recognized
herein, however, the current method being used addresses
proper curing only in an ad hoc, hit-or-miss way. More
particularly, improper board curing 1s typically noticed only
after hundreds or perhaps thousands of gypsum boards have
been poured, cured, dried, and then noted to be unsatisfac-
tory. Not only 1s this wasteful, but the typical delay in
noticing the results of 1improper curing 1n turn delays the
production of acceptable gypsum boards. Fortunately, the
present invention understands that the curing of gypsum
boards 1s related to the internal temperature of the boards,
and that a system can be provided with this understanding in
mind to monitor board curing.

Accordingly, it 1s an object of the present invention to
provide a method and apparatus for monitoring the tempera-
ture and/or moisture profile over time of gypsum boards as
they cure, to promote effective curing. Another object of the
present mvention 1s to provide a method and apparatus for
monitoring the interior curing profile over time of gypsum
boards. Still another object of the present invention 1s to
provide a method and apparatus for monitoring the interior
temperature and/or moisture profile over time of gypsum
boards, which can be used in conjunction with a number of
board thicknesses. Yet another object of the present inven-
fion 15 to provide a method and apparatus for monitoring the
curing gypsum boards which 1s easy to use and cost-
ciiective.

SUMMARY OF THE INVENTION

A method 1s disclosed for monitoring the curing of
gypsum boards or panels. The method includes disposing at
least one monitor on a substrate and conveying the substrate
beneath a mixer. Gypsum slurry 1s then poured from the
mixer onto the substrate, and a signal 1s received from the
monitor that 1s representative of at least the moisture profile
of the curing gypsum over time.

Preferably, the receiving step 1s undertaken by retrieving,
the monitor from the gypsum and connecting the monaitor to
a computer. As disclosed 1n greater detail below, the monitor
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includes at least one sensor, and preferably temperature and
conductivity sensors. The monitor also includes a data
storage device for receiving signals from the sensors respec-
tively representing the temperature and moisture of for
slurry, and for storing the signals.

The perferred method further mcludes determining the
thickness of the curing gypsum material, and establishing
the height of the sensor above the substrate to be one-half of
the thickness of the material. Preferably, the establishing
step 1ncludes adhering a spacer to the monitor prior to
disposing the monitor on the substrate. The method for
monitoring 1s also disclosed 1n combination with cutting the
gypsum 1nto panels and disposing the panels 1n a dryer to
remove excess water therefrom.

In another aspect, a device for recording an interior
moisture of a curing gypsum material defining a thickness
includes a monitor defining a bottom surface. A conductivity
sensor 1s disposed 1n the monitor and 1s spaced from the
bottom surface by a distance equal to one-half of the
thickness of the curing gypsum material. Accordingly, the
sensor generates a signal representative of the interior con-
ductivity of the material. A data storage device 1s disposed
in the monitor for recording signals therefrom.

In yet another aspect, a system for monitoring gypsum as
it cures includes a mixer for holding a gypsum slurry, a
substrate, and a conveyor for moving the substrate under the
mixer such that the slurry 1s poured onto the substrate. At
least one curing monitor 1s disposed on the substrate and 1s
covered by the slurry.

The details of the present invention, both as to its structure
and operation, can best be understood in reference to the
accompanying drawings, 1n which like reference numerals
refer to like parts, and 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a gypsum board curing
system, with the panel cutter shown 1n phantom,;

FIG. 2 1s a cross-sectional view of a temperature monitor
of the present invention, as seen along the line 2—2 1n FIG.
L;

FIG. 3 1s a flow chart showing the method steps of the
present 1nvention; and

FIG. 4 1s a cross-sectional view of a moisture monitor of
the present invention, as seen along the line 4—4 1n FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring initially to FIG. 1, a system 1s shown, generally
designated 10, for forming and curing gypsum boards or
panels 12. As shown, the system 10 includes a mixer 14 that
contains a water-based gypsum slurry 16. A paper substrate
18 1s unrolled from a lower supply spool 19 and translation
ally moved beneath the mixer 14 by a curing conveyor 20,
such that gypsum slurry 16 1s poured onto the substrate 18
as shown. The slurry 16 hardens very quickly after being
poured onto the substrate 18. As the hardened gypsum 1s
conveyed away from the mixer 14, it passes over a forming

table 21.

A paper cover 22 1s unrolled from an upper supply spool
23 over the forming table 21 and onto the hardening slurry
as shown. After being conveyed about eight hundred feet
(800") from the forming table 21, the hardened gypsum
material 1s cut by a guillotine-style cutter 24 into the panels
12 1n accordance with well-understood principles of the art.
At the end of the curing conveyor 20, the panels 12 are
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advanced 1nto a dryer 26 for removing excess water from the
panels 12. The preferred system 10 described thus far can be
purchased from the present assignee.

As 1ntended by the present invention, the system 10
includes one or more monitors for monitoring the curing of
the gypsum on the substrate 18, so that the composition of
the slurry 16 and/or speed of the curing conveyor 20 can be
adjusted accordingly to promote eifective curing of the
gypsum prior to the panels 12 being advanced 1nto the dryer
26. More particularly, as shown in FIG. 1 an operator 28 can
place a temperature monitor 30 onto a portion of the
substrate 18, before the gypsum slurry 16 1s poured onto the
portion of the substrate 18. More preferably, the temperature
monitor 30 1includes both temperature and moisture sensors.
Alternatively, the operator can place a moisture monitor 31
on the substrate 18, in addition to or in lieu of the tempera-
ture monitor 30. The operator 28 makes a respective pen or
other mark 32 on the conveyor 20 or wall of the portion of
the substrate 18 to indicate the approximate location of the
monitor 30. In accordance with the present invention, the

operator 28 periodically places a monitor 30 onto the
substrate 18.

As described 1n detail below, each monitor 30 senses and
stores temperature and, 1n the preferred embodiment, mois-
ture information over time. It will readily be appreciated that
this information 1s representative of an interior temperature
of the gypsum on the substrate 18. Or, 1f separate moisture
sensors 31 are provided, each moisture monitor 31 senses
and stores moisture information over time. It will readily be
appreciated that this moisture information 1s representative
of an interior moisture of the gypsum on the substrate 18.

After the panels 12 have been conveyed through the dryer
26, an operator 34 notes the mark 32 and accordingly
retrieves the panels 12 (i.e., the “test panels”) that are
adjacent the mark 32. The operator breaks open each test
panel 12 and retrieves the monitor or monitors 30, 31
therefrom. Then, the operator 34 attaches a computer serial
port cable 36 to a connector 38 (shown in FIG. 2 below) of
the monitor or monitors 30, 31, with the connector 38 being
configured for receiving a personal computer (PC) serial
port cable. The cable 36 1s also connected to a serial port 40
of a computer, preferably a PC 42, and the data in the
temperature monitor 30/moisture monitor 31 retrieved by
the PC 42 for recording the data and displaying the data on
an output device 44. The output device 44 can be a printer,
monitor, or other suitable output device. Based on the
temperature and/or moisture profile of the test panel 12 so
output, the operators of the system 10 can adjust appropriate
parameters, such as conveyor 20 speed and slurry 16 water
content, to facilitate effective curing of the gypsum.

FIG. 2 shows the details of the temperature monitor 30 of
the present invention. As shown, the monitor 30 1ncludes a
hollow metal housing 46. A temperature sensor 48 1s dis-
posed 1n the housing 46. The temperature sensor 48 can be
a thermocouple, resistance temperature detector (RTD), or
other suitable temperature-sensing element. In the preferred
embodiment, the temperature monitor 30 1s a combined
temperature/moisture monitor. Accordingly, a sensor 49 can
also be provided for sensing parameters representative of the
moisture of the slurry. In one preferred embodiment, the
sensor 49 1s a conductivity sensor, although other types of
moisture sensors can be used.

A microprocessor 30 1s also disposed 1n the housing 46,
in data communication with the sensors 48, 49 and with an
clectronic data storage medium 52. Per the present
invention, the microprocessor 50 1s an off-the-shelf device,
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¢.2., a 386 model microprocessor. Alternatively, the micro-
processor 30 can be embodied 1in an application specific
integrated circuit (ASIC). Also, the storage medium 52 can
be read-only memory (ROM), random access memory
(RAM), programmable memory such as PROM or EPROM,
or other suitable memory. A computer clock 54 1s also
assoclated with the microprocessor 50.

As envisioned by the present invention, the gypsum panel
12 1n which the monitor 30 1s disposed defines a thickness
“t”, and the height “h” of the temperature sensor 48 (and, if
provided, the conductivity sensor 49) above a bottom sur-
face 56 of the monitor 30 1s one-half the thickness of the
gypsum panel 12 (Y4t). Thus, the skilled artisan will appre-
ciate that the sensors are located in the middle (with respect
to the vertical dimension) of the gypsum panel 12.
Accordingly, the temperature measured by the temperature
sensor 48 1s the core temperature of the gypsum panel 12,
and the moisture measured by the conductivity sensor 49 1s
the core moisture of the panel 12.

As also shown 1 FIG. 2, to establish the height of the
sensors as described above, a paper or plastic spacer 38
having an adhesive surface 60 can be positioned with the
adhesive surface 60 against the bottom of the housing 46, to
thereby establish the bottom surface 56 of the monitor 30.
Indeed, plural spacers 538 can be stacked as necessary to
establish the height “h” of the sensor 48 to be equal to YAt.

As mentioned above, 1n the event that the temperature
monitor 30 does not include a moisture sensor, or 1n lieu of
the monitor 30, a moisture monitor 31 can be provided. FIG.
4 shows the details of one preferred moisture monitor 31 of
the present invention. As shown, the monitor 31 includes a
hollow metal housing 47. The conductivity sensor 49 1is
disposed 1n the housing 47. The conductivity sensor 49 can
be any suitable conductivity sensor or indeed other
moisture-sensing device.

A microprocessor 31 1s also disposed in the housing 47,
in data communication with the sensor 49 and with an
clectronic data storage medium 353. Per the present
invention, the microprocessor 51 1s an off-the-shelf device,
¢.g2., a 386 model microprocessor. Alternatively, the micro-
processor 51 can be embodied 1in an application specific
integrated circuit (ASIC). Also, the storage medium 53 can
be read-only memory (ROM), random access memory
(RAM), programmable memory such as PROM or EPROM,
or other suitable memory. A computer clock 55 1s also
associated with the microprocessor 51.

As envisioned by the present invention, the gypsum panel
12 1n which the moisture monitor 31 1s disposed defines a
thickness “t”, and the height “h” of the conductivity sensor
49 above a bottom surtace 57 of the monitor 31 1s one-half
the thickness of the gypsum panel 12 (¥4t). Thus, the skilled
artisan will appreciate that the conductivity sensor 49 i1s
located in the middle (with respect to the vertical dimension)
of the gypsum panel 12. Accordingly, the moisture measured
by the conductivity sensor 49 is the core moisture of the
gypsum panel 12.

As also shown 1n FIG. 2, to establish the height of the
conductivity sensor 49 as described above, a paper or plastic
spacer 39 having an adhesive surface 61 can be positioned
with the adhesive surface 61 against the bottom of the
housing 47, to thereby establish the bottom surface 57 of the
monitor 31. Indeed, plural spacers 59 can be stacked as
necessary to establish the height “h™ of the sensor 49 to be
equal to YAt.

FIG. 3 1llustrates the method of the present invention,
including the structure of the logic of the present mnvention
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as embodied 1n computer-readable logic structures on the
storage medium 52 (FIG. 2) or storage medium 53 (FIG. 4).
Those skilled in the art will appreciate that the Figures
illustrate the structures of logic elements that function
according to this invention. Manifestly, the invention 1s
practiced 1n one essential embodiment by a machine com-
ponent that renders the logic elements 1n a form that instructs
a digital processing apparatus (that is, a computer or micro-
processor 50) to perform a sequence of operational steps
corresponding to those shown in the Figures.

These 1nstructions may reside 1n, 1.€., be embodied by,
logic structures on a data storage device including a data
storage medium, such as the storage medium 52 shown 1n
FIG. 2 or medium 353 shown in FIG. 4. The machine
component 1s a combination of logic elements that are
embodied 1n the storage medium 52, 53, which advanta-
geously can be electronic read-only memory (ROM) or
electronic random access memory (RAM), or other appro-
priate data storage device. Alternatively, the instructions can
be embodied 1n the form of computer program code ele-
ments on semiconductor devices, on magnetic tape, on
optical disks, on a DASD array, on magnetic tape, on a
conventional hard disk drive, on electronic read-only
memory or on electronic random access memory, or other
appropriate data storage device.

For purposes of the present 1nvention, it 1s assumed that
the temperature monitor 30 1s a combined temperature/
moisture monitor having both the temperature sensor 48 and
the conductivity sensor 49. It 1s to be understood that 1if
separate temperature and moisture monitors 30, 31 are to be
used, the monitors 30, 31 would be used 1n tandem with each
other, and the steps below undertaken 1in accordance with
these principles.

Commencing at block 62, the spacer 538 1s adhered to the
housing 46 of the monitor 30 as necessary for establishing
the height “h” of the sensors 48, 49 to be one-half the
expected thickness “t” of the panels 12. Then, at block 64
one or more of the monitors 30 are periodically placed on the
substrate 18 and conveyed beneath the mixer 14. Slurry 16
1s poured onto the substrate 18 to cover the monitor 30 as
described above. If desired, the bottom surface 56 of the
monitor 30 can be adhesive, to stick to the substrate 18.

Next, at block 66 the microprocessor S0 periodically
samples and records, on the data storage medium 352, the
respective signals from the sensors 48, 49 as the test panel
12 cures. At block 68 the monitor 30 1s retrieved from the
panel 12 and the microprocessor S0 connected to the PC 42
via the serial port connector 38. At block 70 the output
device 44 presents the temperature and moisture profiles
over time as an 1indication of the efficacy of the curing of the
panels 12 that were poured 1n the same batch as the test
panel.
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While the particular PROCESS MONITOR FOR GYP-
SUM BOARD MANUFACTURING as herein shown and
described 1n detail 1s fully capable of attaining the above-
described objects of the 1nvention, it 1s to be understood that
it 1s the presently preferred embodiment of the present
invention and 1s thus representative of the subject matter
which 1s broadly contemplated by the present invention, that
the scope of the present invention fully encompasses other
embodiments which may become obvious to those skilled in
the art, and that the scope of the present invention 1is
accordingly to be limited by nothing other than the appended
claims, 1n which reference to an element in the singular is
not intended to mean “one and only one” unless explicitly so
stated, but rather “one or more”.

What 1s claimed 1s:

1. A method for monitoring the curing of gypsum, com-
prising

disposing at least one monitor on a substrate; conveying
the substrate beneath a mixer;

pouring gypsum from the mixer onto the substrate such
that the monitor 1s covered by a portion of the gypsum
and curing the gypsum so that the gypsum hardens
wherein the monitor generates a signal representative
of at least one of: a moisture proiile of the portion of the
gypsum over time, and a temperature profile of the
portion of the gypsum over time; breaking the portion
of the gypsum after 1t hardens to retrieve the monitor
from the portion; and

receiving the signal from the monitor as a representation
of the curing of the gypsum.

2. The method of claim 1, wherein the receiving step
includes connecting the monitor to a computer.

3. The method of claim 2, wherein the monitor includes
a conductivity sensor and a data storage device for receiving,
signals from the sensor and storing the signals.

4. The method of claim 1, further comprising the step of:

determining a thickness of the gypsum on the substrate;
and

establishing the height of the monitor above the substrate
to be one-half of the thickness of the gypsum.
5. The method of claim 3, wherein the monitor includes
a temperature sensor.
6. The method of claim 4, wherein the method 1s further
in combination with the steps of:

cutting the gypsum into panels; and

disposing the panels 1n a dryer to remove excess water
therefrom.
7. The method of claim 1, further comprising the step of
indicating the location of the substrate on which the monitor
has been disposed.
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